Hydrogen bonding on the ice-binding face of a beta-helical antifreeze protein indicated by amide proton NMR chemical shifts.
The dependence of amide proton chemical shifts on temperature is used as an indication of the hydrogen bonding properties in a protein. The amide proton temperature coefficients of the beta-helical antifreeze protein from Tenebrio molitor are examined to determine their hydrogen bonding state in solution. The temperature-dependent chemical shift behavior of the amides in T. molitor antifreeze protein varies widely throughout the protein backbone; however, very subtle effects of hydrogen bonding can be distinguished using a plot of chemical shift deviation (CSD) versus the backbone amide chemical shift temperature gradient (Deltadelta/DeltaT). We show that differences between the two ranks of ice-binding threonine residues on the surface of the protein indicate that threonine residues in the left-hand rank participate in intrastrand hydrogen bonds that stabilize the flat surface required for optimal ice binding.